Introduction {#sec1-1}
============

Essential hypertension is a typical example of a complex, multifactorial, and polygenic trait. It is most likely that there are several causal genes, which together contribute to between 30% and 50% of the variation in blood pressure among humans.\[[@ref1]\] These genetic determinants interact with environmental factors to produce the final disease phenotype. Identifying gene variants that contribute to hypertension may not only provide better understanding of the pathophysiology of the disease but also may elucidate the biochemical and physiological pathways that link various risk factors causing susceptibility to the condition. Despite very significant recent progress made in genomic and statistical methodologies, the genetic dissection of human essential hypertension still throws a major challenge.

Growing evidence points to vitamin D as having an important association with blood pressure. Data from animal studies implicate circulating active vitamin D as an inhibitor of renin expression in the juxtaglomerular apparatus and vascular smooth muscle cell proliferation.\[[@ref2][@ref3]\] Oral supplementation with vitamin D is found to lower blood pressure in hypertensive rats.\[[@ref4][@ref5]\] In humans, a cross-sectional data suggest an association between low vitamin D intake (\<400 IU per day) and increase in blood pressure\[[@ref6]\] and a single interventional study in vitamin D deficient elderly women found that a combination of calcium and vitamin D supplementation had a greater blood pressure lowering effect than calcium supplementation alone\[[@ref7]\] Vitamin D is also regarded as a potent endocrine suppressor of renin biosynthesis to regulate the rennin angiotensin system (RAS).\[[@ref8]\]

Vitamin-D is a member of the steroid receptor family and mediates the effects of the active metabolite 1, 25(OH)~2~ vit D3 by regulating transcription of a number of different cellular genes. The action of vitamin D is mediated through its binding to nuclear receptor (VDR). Studies have demonstrated that vitamin D receptors are present in aortic endothelial\[[@ref9]\] and vascular smooth muscle cells\[[@ref10]\] and also VDR polymorphisms influence the susceptibility to coronary artery disease.\[[@ref11]\]

The gene encoding the *VDR* is located on chromosome 12cen-q12,\[[@ref12]\] contains 11 exons\[[@ref13]\] and spans approximately 75 kb of genomic DNA\[[@ref14]\] Several polymorphisms have been identified in the gene including the *Fok I* polymorphism located in exon 2 at the 5′ coding region of the gene.\[[@ref15]\] Fok I polymorphism results in different translation initiation sites due to thymine (T) to cytosine (C) substitution in the first translation initiation codon ATG (methionine) which generates long and short variants of *VDR*. In the *VDR* ff variant initiation of translation occurs at the first ATG site, giving rise to a full length *VDR* protein comprised of 427 amino acids. Conversely, in the *VDR* FF variant translation begins at the second ATG site instead of the first, resulting in a truncated protein with three amino acids less. This is the only known *VDR* polymorphism resulting in two different VDR protein products.\[[@ref15]\]

In the present study, we analyzed the exon 2 initiation codon (*VDR*-Fok I gene) polymorphism in hypertensive individuals for its contributing role.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Study subjects {#sec3-1}

A total of 280 individuals in the age group of 35-60 years whose blood pressure measurements exceeded 140 mmHg systolic or 90 mmHg diastolic, recruited at different hospitals in the city of Hyderabad were examined for the Fok I polymorphism of *VDR* gene. Age- and sex-matched controls (*n* = 200) whose blood pressure measurements were in normal range (120 mmHg systolic or 80 mmHg diastolic) and without any apparent diseases like diabetes, CAD etc were randomly selected to compare with the patient data.

### Assessment of other covariates {#sec3-2}

From all the cases and controls recorded, information was collected using a proforma specifically prepared. The questionnaire included information on sex, age, age at onset, duration of the disease, body mass index (BMI; calculated as weight in kilograms divided by height in meters squared), smoking status, alcohol consumption, associated conditions like diabetes, CAD etc. Pedigrees covering 3-4 generations were also constructed for each case.

### Genotyping of the Fok I polymorphism {#sec3-3}

With the consent from the individuals chosen for the study, genomic DNA from 280 hypertensives and 200 controls was isolated using salting out method.\[[@ref16]\] The genomic DNA was amplified using the primers forward (5'- AGCTGGCCC TGGCACTGA CTCTGCTCT -3') and reverse (5'- ATGGAAACACCTTGCTTCTTCTCCCTC - 3') for the genotyping of Fok I polymorphism of *VDR* gene.

Polymerase chain reaction (PCR) was carried out in a total volume of 10 μl containing 100-200ng of genomic DNA, 25 pmol of each primer, 200 μM dNTPs, 2.5 units of Taq polymerase, and 1X Taq Polymerase buffer (1.5mM Mgcl2) (Sigma Aldrich Pvt. Ltd.) DNA samples were amplified with cycling parameters as follows: Denaturation at 94° C for 5 min, 35 cycles at 94° C for 30 s, 61° C for 30 s and 72° C for 60 s and one final cycle of extension at 72° C for 7 min. The T/C polymorphism in the first of two-start codon (ATG) at the translation initiation site of the VDR gene was detected by RFLP using the restriction endonuclease Fok-I. The PCR product with 265bp was digested with 3.0 units of Fok I restriction enzyme (New England Biolabs) and incubated at 37° C for 4 h; 5 μl of the digested reaction mixture was then electrophoresed for 2 h at 150 V using 9% PAGE (polyacrylamide gel electrophoresis) containing ethidium bromide and visualized under UV and photographed. The sizes of the digested fragments were determined using 100-bp ladder (New England Biolabs). PCR products with an undigested large band were genotyped as FF homozygotes (265 bp), those with a smaller digested band were genotyped as ff homozygotes(169 bp and 96 bp), and those with a large and small bands were genotyped as Ff heterozygotes (265,169 and 96).

### Statistical analysis {#sec3-4}

The distribution of genotype frequencies of VDR gene polymorphisms in the cases and controls were compared using 2\* 2 contingency χ^2^-tests. Continuous variables such as age, age at onset, BMI, duration of hypertension (at the time of investigation) and lipid levels were expressed as mean and standard error of mean; these means were compared by Student\'s *t* test for independent samples. P \< 0.05 was considered as significant.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} describes the demographic features and lipid profile associated with hypertensive (*n* =280) and normotensive (*n*=200) individuals. Among the patients, there was higher preponderance of males (53.2%) as compared to females (46.8%). Significant preponderance of cases with positive family history (64.3%) and obesity (20.8%) were observed among hypertensives as compared to controls (familial -39.0%; obese -12.0%). Also there was significant elevation in the mean levels of BMI and reduction of HDL levels in hypertensive as compared to controls \[[Table 1](#T1){ref-type="table"}\]. The results suggest that males had high risk for developing hypertension and risk factors like obesity, family history and low HDLcholesterol levels significantly increase the risk for hypertension.

###### 

Demographic features and lipid profile of the hypertensives and controls

![](IJHG-17-201-g001)

The frequencies of Fok I genotypes at *VDR* locus showed a significant difference with the distribution of genotypes being 53.6% of FF, 35.7% of Ff and 10.7% of ff among patients and 34.0% of FF, 51.0% of Ff and 15.0% of ff among the controls (χ^2^ of 18.0; 2 degrees of freedom; *P* = 0.000). Further the frequency of VDR genotypes deviated significantly from Hardy-Weinberg equilibrium (χ^2^ =4.38, *P*\<0.05, at 1df: frequencies of allele F 0.71 and f 0.29) in hypertensives but not in controls (χ^2^=0.675, *P*\>0.05, at 1df: frequencies of allele F 0.59 and f 0.41) indicating possible association of this polymorphism with hypertension \[[Table 2](#T2){ref-type="table"}\].

###### 

Distribution of genotypes of *VDR* gene Fok I polymorphism in hypertensives and controls

![](IJHG-17-201-g002)

Odds ratios were computed to evaluate the risk for each genotype as against other genotypes for developing hypertension \[[Table 3](#T3){ref-type="table"}\]. The analysis revealed high risk for hypertension in FF homozygotes which was 2.25 times as compared to Ff heterozygotes and 2.20 times as compared to ff homozygotes, while comparison of Ff vs ff genotypes did not show any significant risk.

###### 

Risk predictions for different genotypes of VDR Fok1 polymorphism causing susceptibility to essential hypertension

![](IJHG-17-201-g003)

Considering the cohorts, the risk for hypertension was found both for males and females with FF genotypes as against Ff genotypes (χ^2^=7.716, P\<0.05, at 1df, O.R -2.020;95% C.I 1.228-3.322 and χ^2^=6.794, *P*\<0.05, at 1df, O.R -2.467;95% C.I 1.246-4.881). Similarly, risk for hypertension for FF genotype was significant in patients with positive family history (χ^2^=5.473, P\<0.05, at 1df, O.R -2.011;95% C.I 1.119-3.616) and habit of smoking (χ^2^=7.234, *P*\<0.05, at 1df, O.R -3.686;95% C.I 1.414-9.611) and alcohol consumption. (χ^2^=3.682, *P*\<0.05, at 1df, O.R -2.239; 95% C.I 0.983-5.096). All these comparisons showed high risk for homozygotes (FF) and this observation could be due to generally observed high risk for FF individuals for developing hypertension \[[Table 3](#T3){ref-type="table"}\].

When individuals of FF vs ff genotypes were tested, significant risk was found for hypertension in general (χ^2^=7.291, P\<0.05, at 1df; with O.R -2.206;95% C.I 1.238-3.932) and for females (χ^2^=8.077, *P*\<0.05, at 1df, O.R -3.453; 95% C.I 1.449-8.246) while other cohorts did not show any significant results.

When risk for ff vs Ff individuals was considered, significant OR was obtained only for individuals with the habit of smoking (χ^2^=4.613, *P*\<0.05, at 1df, O.R -4.861; 95% C.I 1.13-2.40).

Allele F showed significant risk for hypertension as compared to allele f (χ^2^=14.864, *P*\<0.05, at 1df with O.R -1.702; 95% C.I 1.298-2.231) \[[Table 3](#T3){ref-type="table"}\]. The risk for F allele carriers was significant for male patients (χ^2^=5.045, *P*\<0.01, at 1df, O.R -1.488; 95% C.I 1.052-2.105), and also female patients (χ^2^=5.425, *P*\<0.01, at 1df, O.R -1.582; 95% C.I 1.075-2.330) and individuals with positive family history (χ^2^=3.738, *P*\<0.05, at 1df, O.R -1.467; 95% C.I 0.995-2.163) of hypertension.

Odd\'s ratios were also computed for each genotype comparing with the pooled frequencies of other two genotypes \[[Table 4](#T4){ref-type="table"}\]. This analysis revealed significant risk for individuals with FF genotype as compared to Ff + ff genotypes (χ^2^=17.25, *P*\<0.01, at 1df; with O.R -2.24; 95% C.I 1.54-3.26). This analysis based on pooling the genotypes also supported earlier observation of high risk for FF homozygotes which was 2.2 times as against other genotypes. Significant risk was also observed in both the sexes and in subjects with positive family history \[[Table 4](#T4){ref-type="table"}\].

###### 

Risk prediction for specific genotype of VDR Fok1 polymorphism in relation to other two genotypes causing susceptibility to essential hypertension

![](IJHG-17-201-g004)

When the frequency of Ff vs FF + ff was considered, significant risk for hypertension was observed in general (χ^2^=10.57, *P*\<0.01, at 1df; with O.R -0.053;95% C.I 0.37-0.77) and also when individuals were males (χ^2^=5.65, *P*\<0.01, at 1df, O.R -0.55; 95% C.I 0.35-0.88) and when they were with the habit of smoking (χ^2^=7.56, *P*\<0.05, at 1df, O.R -0.26; 95% C.I 0.10-0.64). This analysis reveals that individuals with Ff genotypes are protected from developing hypertension.

In conclusion, the results obtained suggest that FF genotype and allele F were at a greater risk for developing hypertension and the risk was elevated for both the sexes, cases with positive family history and habit of smoking. The data also supported the protection conferred by heterozygous genotype (Ff) for developing hypertension.

Discussion {#sec1-4}
==========

The vitamin D receptor (*VDR*) has been identified in many cell types, tissues, and organs, including those not typically associated with calcium homeostasis and bone metabolism indicating that vitamin D may also be involved in important biological processes beyond calcium homeostasis.\[[@ref17]\] 1,25-dihydroxyvitamin D3 \[1,25(OH)~2~D3\] binds to the *VDR*, and the activated *VDR* regulates the rate of transcription of vitamin D-responsive genes\[[@ref18]\]

Inappropriate stimulation of the RAS has been associated with hypertension. In wild-type mice, physiological levels of 1.25 dihydroxy vitamin D (1.25(OH)~2~ D) found to inhibit renin expression in juxtaglomerular cells, whereas an inhibitor of 1.25(OH)~2~ D biosynthesis increased the expression of renin.\[[@ref8]\] Vitamin D is thus regarded as a potent endocrine suppressor of renin biosynthesis to regulate the RAS.\[[@ref8]\] Mice lacking *VDR* had elevated production of renin and angiotensin II independent of calcium metabolism, leading to hypertension, cardiac hypertrophy, and increased water intake. In normal mice, vitamin D deficiency stimulated renin expression, whereas injection of 1,25(OH)~2~D3 reduced renin synthesis\[[@ref8]\] In cell cultures, 1,25(OH)~2~ D directly suppressed renin gene transcription by a *VDR*-dependent mechanism. Thus, vitamin D-deficiency may increase the risk of hypertension, and vitamin D supplementation may be beneficial to the cardiovascular system.

The molecular effects of vitamin D on the RAS have been clarified by the finding that liganded *VDR* suppresses renin expression by binding to the transcription factor cAMP-response element-binding protein (CREB).\[[@ref19]\] As a result, stimulation of renin transcription is inhibited because CREB is no longer able to stimulate renin transcription by binding to cAMP response elements in the promoter region of the renin gene.\[[@ref20]\] In patients with hypertension, renin activity has been inversely associated with 1,25(OH)~2~D levels.\[[@ref20][@ref21]\]

In ff variant of Fok I polymorphism of *VDR* gene, initiation of translation occurs at the first ATG site, giving rise to a full length *VDR* protein comprised of 427 amino acids. Conversely, in the *VDR* FF variant, translation begins at the second ATG site instead of the first, resulting in a truncated protein with three amino acids lesser. The present study found an association of FF genotype of Fok I polymorphism of *VDR* gene with hypertension. Hence truncated vitamin D receptor protein (*VDR*) formed in FF homozygotes may have elevated production of renin and angiotensin II leading to the development of hypertension/ elevated blood pressure.

Further studies are needed to find out if and when vitamin D supplementation should be used for treating patients with hypertension. It is apparent that vitamin D supplementation may be appropriate for populations that are most vulnerable to hypovitaminosis D. Studies to find vitamin D analogs with minimal calcemic potential but greater activity on RAS modulation are needed. This may find a group of therapeutic inhibitors of the RAS and potentially offer a new class of antihypertensive drugs that may be used to treat hypertensive individuals with or without vitamin D deficiency.
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